Rural poverty has received extensive attention worldwide. Eliminating poverty and achieving common prosperity are the major tasks for China to build a well-off society in an all-round way. Based on the evaluation results of quality of rural life (QRL) and relative poverty index (RPI), this paper identifies and classifies the poor objects using importance-Performance analysis (IPA) method and poverty degree model. The results were as following: (1) QRL has obvious regional differences, and its value gradually decreases from west to east, which is opposite to the spatial distribution pattern of RPI. In areas with high QRL value, the RPI is lower. (2) Fifty counties and districts are clustered in the second quadrant of IPA quadrant map, i.e., Low QRL-High RPI, and the lower quality-of-life corresponds to the higher degree of relative poverty. (3) The coincidence between the poverty-stricken counties and the poverty-stricken counties of the country identified as 84.48% by IPA method, which indicates that the accuracy of poverty delineation based on income is high. (4) Gansu Province is dominated by highly impoverished areas, accounting for 60% of the total number of impoverished counties. The results of comprehensive poverty classification are in line with the actual situation of impoverished counties. In counties with higher CPL, the poverty level is deeper. It is more difficult to get rid of poverty. This study can provide theoretical basis and decision-making reference for the formulation and implementation of Poverty Alleviation Policies in the late stage of underdeveloped areas in western China.
Introduction
Poverty is a global issue and a realistic challenge that all countries face during their socioeconomic development [1] . Since the 1970s, numerous poverty problems have arisen with the transformation of Western countries to post-industrial society. These problems mainly occur in rural areas, especially those areas with poor environmental quality, disadvantageous geographical location, and inadequate public services and facilities [2] . The World Bank s Poverty and Shared Prosperity 2016 stated that there were still 767 million people living in extreme poverty worldwide [3] . Eliminating poverty and achieving social justice and fairness has become the core objective and strategic requirement of the socioeconomic development of all countries [4, 5] . In view of this, the study of regional poverty has gradually attracted the attention of scholars and politicians from different countries and regions [4, 5] . Many scholars focus on poverty level, regional difference, effectiveness of regional targeting policy, and spatial poverty traps in their research [6] . Besides, various national and regional governmental departments have made plans and proposed strategies to deal with poverty, which provide a basis for formulating regional policies [6, 7] . Since the late 1990s, some new trends and features have emerged in the methods, contents and perspectives of poverty research with the detailing of census data, the application of geographic information technology and remote sensing technology, and the development of spatial measurement methods. The understanding of the connotation of poverty has been expanding, from a single income-expenditure perspective to a multidimensional perspective involving health, residence, education and social security [8] [9] [10] [11] . This is conducive to quantifying and understanding poverty, which can provide guidance on the formulation and implementation of regional poverty reduction policies.
China is currently the largest developing country in the world, and the rural poverty has always been the focus of Chinese government in formulating poverty alleviation and development plans and policies [12] [13] [14] . Since 1978, the Chinese government has successively formulated the 8-7 Poverty Alleviation Plan, Development-oriented Poverty Reduction Program for Rural China (2001-2010), Development-oriented Poverty Reduction Program for Rural China (2011-2020) and other measures, aiming to achieve comprehensive poverty alleviation by 2020. After years of hard work, China s poverty level has been decreased significantly. The rural poverty population decreased from 250 million in 1978 to 55.75 million in 2015, and the incidence of poverty dropped from 30.7% to 5.7%. Poverty reduction practices have achieved remarkable results and contributed significantly to the world s poverty reduction [15] [16] [17] .
On the basis of regional poverty theory and research methods, scholars have carried out a series of studies on rural poverty in China, including poverty measurement, poverty causes, poverty targeting, geographical identification of poverty, spatial distribution of poverty, etc. Limited by data collection methods and people s subjective perception of poverty, income alone has been used for a long time to measure poverty. It is widely believed that poverty is a state in which the income of an individual or family cannot meet their basic needs [18] . In recent years, scholars have tried to define and identify poverty from multiple dimensions. They think that income is not the only indicator of poverty and other objective indicators (such as drinking water, roads and sanitation facilities) as well as subjective indicators (such as feeling of welfare) can also be used to measure poverty [9, 10, 19] .
In fact, poverty population are characterized by not only low income levels but also poor quality-of-life. Quality of rural life (QRL) is an important indicator of rural economic development level and directly related to the interests and well-being of rural residents [20] [21] [22] . However, with rapid urbanization and industrialization, the urban-rural gap has been expanding, which has become a key factor influencing rural sustainable development and restricting rural poverty alleviation [23] [24] [25] . Improving the quality-of-life of rural poverty groups is conducive to reducing the class conflict and promoting the construction of a harmonious society. In general, current research on rural poverty in China is mainly based on sociology, economics and political science and is mostly from a single economic perspective or multiple perspectives. Notably, there is almost no poverty research from the perspective of quality-of-life. This study identifies poverty from the perspective of QRL. It enriches the scope of poverty research, makes up for the deficiencies of poverty identification research, and can also be used to verify the accuracy of poverty identification results based on income. In addition, it can analyze poverty situation objectively from the provincial scale with a unified standard to provide objective basis for the rational formulation and implementation of poverty alleviation strategy. The measurement methods of poverty have also developed with the deepening of poverty research. They have experienced the evolution from single index to multi-dimensional indicators such as health, education and living standards. They mainly adopt axiomatic method, information theory method, double boundary method, input-output method, quantitative analysis method and so on [26] . However, most of these methods are applicable to specific spatial and temporal backgrounds. They require high data quality or have poor ability to interpret reality. It is difficult to popularize them widely in China. The quality-of-life index makes up for the shortcomings of poverty measurement methods in the past, and helps to quantify and understand poverty more deeply, thus guiding the formulation and implementation of poverty reduction policies in the region.
Gansu Province, which is an underdeveloped area in China, has relatively backward economic development level and low per capita income. This is relateive to many factors, such as history, nature and geography. 66.67% of the counties (cities and districts) in Gansu Province belong to poverty counties, and most of them are located in Liupanshan, Qinba Mountains and Tibetan areas, where the three major countries are concentrated and connected with special difficulties. The incidence of poverty is the second highest in China, second only to Tibet, with 7.9% of the country s total poor. Therefore, the main characteristics of poverty in Gansu Province are the large number of poor people, the deep degree of poverty, the large area of poverty, the lagging construction of agricultural infrastructure and the fragile ecological environment [27] . This will also be the key and difficult point for China to realize a well-off society in an all-round way in 2020. In this paper, the 87 counties of Gansu Province of China were taken as counties. the QRL and relative poverty of counties were assessed. Then, importance-Performance analysis (IPA) was used to identify poverty objects on a county scale. On this basis, a comprehensive poverty level model was constructed and used to quantify the comprehensive poverty levels of poverty counties, showing the difficulty of poverty alleviation in rural areas of Gansu Province. The results provide a theoretical basis for formulating poverty alleviation and development policies for China s western underdeveloped regions and achieving the 2020 poverty alleviation goal of China.
Overview of Study Region
Gansu Province is located in western inland China ( Figure 1 ). The total area of the province is 425,800 km 2 , accounting for 4.72% of the total area of the country (Data from Gansu Provincial Natural Resources Department: http://zrzy.gansu.gov.cn). The terrain tilts from southwest to northeast. Since Gansu Province is located in inland China, it is difficult for warm and humid air currents from oceans to reach this region. Precipitation is infrequent and the climate in most areas is dry. Overall, Gansu Province has a continental temperate monsoon climate.
Gansu Province has jurisdiction over 14 cities (including prefectures) and 87 counties (including districts and county-level cities). It can be divided into five regions: Hexi Corridor region (Jiuquan City, Jiayuguan City, Zhangye City, Jinchang City and Wuwei City), Longzhong region (Lanzhou City, Dingxi City, Baiyin City, and Linxia prefecture), Longdong region (Pingliang City and Qingyang City), Longdongnan region (Tianshui City and Longnan City), and Gannan region (Gannan prefecture). Poverty areas are widely distributed in Gansu Province. According to the criteria of poverty-stricken counties in China [28] , the average per capita income is less than 1300 yuan, the average per capita income in old areas and minority frontier areas is less than 1500 yuan, per capita GDP is less than 2700 yuan, and per capita financial income is less than 120 yuan. The poverty-stricken counties in Gansu Province are classified according to the criteria. There are a total of 75 poverty counties identified in the province, among which 58 poverty counties are of high poverty and 15 poverty counties are of relatively low poverty. In these poverty counties, there are 6220 poverty villages, 1 million poverty households and 4.17 million poverty population [29] .
In 2017, the gross domestic product (GDP) of Gansu Province was 7677 billion yuan and per capita GDP was 29,326 yuan. The GDP of Gansu Province increased from 2010 to 2017, with an annual average increase rate of 10.58%, higher than that of the country during the same period. The population of Gansu Province accounted for 1.89% of the total population of the country, whereas its GDP accounted for only 0.93% of that of the country, social fixed asset investment accounted for 0.89% of that of the country, and general public budget revenue accounted for only 0.48% of that of the country. Gross agricultural product and the yields of main agricultural products both accounted for about 2.0% of those of the country [30] . 
Data Sources and Research Methods

Data Sources and Preprocessing
The 87 counties of Gansu Province were taken as evaluation units. The basic data about population, income and expenditure, living conditions and cultural life, infrastructure, as well as public services that characterize QRL were derived from Gansu Province Development Yearbook 2017, Gansu Province Rural Yearbook 2017, China Statistical Yearbook 2017 and China Rural Yearbook 2017.
The initial data is normalized to eliminate the effect of dimension and numerical size on the results. In this paper, we choose the max-min normalization method, which maps the original data through linear changes at a specific interval [0,1]. The method requires that the data have the determined maximum and minimum values [31, 32] . Because the data used in this paper has the characteristics of the fixed maximum and minimum values, and the direction of the data is inconsistent, we choose the max-min standardized processing method. The direction of the variable in the process of standardization and the normalization of the variables in different directions are as follows: If the value of an indicator is greater, it is more conducive to the development of the system, then the index is a positive indicator, and the Equation (1) will be used for its standardization. If the value of an indicator is less, it is more favorable to the development of the system, then the index is a negative indicator, and the Equation (2) will be used for its standardization. Equations are as follows:
Positive index:
Negative index: 
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where C i and Z i are the initial and standardized values of the ith index of a county, respectively; the max(C i ) and the min(C i ) are the maximum and minimum values of the ith index, respectively. In addition, in order to reduce the influence of subjective factors on evaluation results, coefficient of variation was used to assign weight to each index. The procedures are as follows:
where δ i , D i , Z i are the coefficient of variation, mean square error, mean and weight of the ith index, respectively.
where W i is the weight of the ith index; δ i is the coefficient of variation of the ith index; n i=1 δ i is the sum of the variation coefficients of all the variables.
Research Methods
Assessing QRL
(1) Assessment index system The assessment index system for QRL is a complex system consisting of multi-attribute, multi-level subsystems. From the perspective of nature-society-economy, this paper fully considered the basic requirements of index selection, including comprehensiveness, purposiveness, scientificity and operability as well as other requirements including policy relevance, multi-dimensional comprehensiveness, research object specificity and data availability. The selection of indices was also in accordance with the standards used at home and abroad for assessing quality-of-life [33] [34] [35] [36] . The final assessment index system involves five aspects including income and expenditure, living conditions and cultural life, infrastructure, public service and social security, and ecological environment. It specifically consists of 3 layers and 21 indices (Tables 1 and 2 ). (2) Calculating QRL The index selected in this paper involves many aspects [37] , and most of them have complex relationships. Considering the characteristics of the index, the coefficient of variation method is used to determine the weight. This method can identify the importance of the index according to its own differences. The greater the difference, the greater the importance. Equations (1) and (2) were used to standardize the above indices, then the coefficient of variation method was used to determine the weights of indices. Finally, the weighted summation method was used to calculate the QRL of 87 counties.
where QRL is the quality of rural life; B u is the value of the uth Item; W u is the weight of the uth Item; Z i is the standardized value of the ith index; W i is the weight of the ith index. The greater the value of QRL is, the higher the QRL is.
Assessing Relative Poverty
Defining a poverty line is the most intuitive way to assess the poverty of a region [9, 12] . According to the actual situation of Gansu Province and referring to relevant policy documents on the management of poverty alleviation funds in China [38] , this paper attempted to measure the level of economic development in a region by measuring the differences between the rural per capita net income/rural per capita GDP/rural per capita fiscal revenue of this region and the corresponding average levels of the province, respectively. On this basis, the relative poverty index (RPI) of a region can be measured. This method is simple, easy to use and can avoid the error caused by incomplete rural statistics in other poverty evaluation methods. The specific procedures are as follows:
RPI r = (P Fr + P Gr + P Ir )/3 (6) Sustainability 2019, 11, 4547 8 of 18
where RPI r denotes the relative poverty index of the rth county, and the greater the value of RPI, the higher the relative poverty level of this county; P Fr denotes the gap ratio of the rural per capita fiscal revenue of the rth county, F k is a constant (F k = 3106 Yuan), indicating the rural per capita fiscal revenue of the province, and F r is the rural per capita fiscal revenue of the rth county; P Gr denotes the gap ratio of the rural per capita GDP of the rth county, G k is a constant (G k = 27,600 Yuan), indicating the rural per capita GDP of the province, and G i denotes the rural per capita GDP of the rth county; P Ir denotes the gap ratio of the rural per capita net income of the rth county, I k is a constant (I k = 9951 Yuan), indicating the rural per capita net income of the province, and I r denotes the rural per capita net income of the rth county.
Spatial Variation Measurement
Spatial autocorrelation is a spatial statistical method that reflects the degree to which a variable is correlated with itself through space. It can be generally divided into the global spatial autocorrelation and local spatial autocorrelation. In this paper, global Moran s I was used to analyze the spatial distributions of QRL and RPI in Gansu Province.
where n is the number of research units; x v and x j are observed values of the vth and the jth county respectively; x for regional average; W vj is the spatial weight matrix ( 
where E(I) is the expected value and Var(I) is variance. If Z value is positive and significant, positive spatial autocorrelation exists. If Z value is negative and significant, negative spatial autocorrelation exists. If Z value is 0, then the similar values between regions are distributed randomly. Getis-Ord G * v was used to identify the spatial agglomeration characteristics (or hot spots and coldspots) of QRL and RPI.
where x v and x j are observed values of the vth and the jth county, respectively; W vj is the spatial weight matrix (1 for spatial neighbor and 0 for non-adjacent region). If G * i > 0, then it indicates high-high agglomeration, i.e., a hot spot region; if G * v < 0, then it indicates low-low agglomeration, i.e., a cold spot region; if G * v = 0, then it indicates high-low agglomeration.
Sustainability 2019, 11, 4547 9 of 18 3.2.4. Importance-Performance Analysis QRL and RPI reflect poverty in terms of living standard and economic development level respectively, but they cannot define the real poverty areas. In recent years, night light remote sensing data and GIS spatial analysis technology have made some progress in the identification of poverty-stricken areas [39] , but the defects of the data itself have greatly hindered and weakened the accuracy of night light data in quantitative analysis [40] . On the basis of comprehensive comparison, this study uses the Importance-Performance Analysis (IPA) method to carry out the correlation analysis between the two, and identifies the poverty-stricken areas according to the IPA analysis chart. IPA was first proposed by Martilla and James in 1977 [31] . The basic idea is that a customer s satisfaction with a product (or service) is determined by the importance that he or she attaches to its attributes and his or her judgment of attribute performance. IPA was first used in the marketing industry to evaluate corporate brands, products and services [41, 42] . Due to its simple operation, IPA has currently been widely used in various fields [43, 44] . The analysis results are often represented as IPA charts. An IPA chart is usually divided into four areas (Figure 2a ): high-high area (the first quadrant), high-low area (the second quadrant), low-low area (the third quadrant) and low-high area (the fourth quadrant). Then reasonable decisions can be made for each area. The horizontal axis of IPA chart represents QRL and the vertical axis of IPA chart represents relative poverty. The QRL values of the 87 counties were arranged in ascending order and the RPI values of the 87 counties were arranged in descending order. Then, the 58th values in both sequences were taken as the coordinates of the origin of IPA chart. On this basis, we studied the distribution of counties in the four quadrants of IPA chart (high RPI-high QRL, high RPI-low QRL, low RPI-low QRL, and low RPI-high QRL). Generally, if a region is characterized by high quality-of-life, then its economic development is good and there is low occurrence of poverty. 
Comprehensive Poverty Level
Rural poverty is affected by both QRL and RPI. IPA analysis method is mainly used to identify the poverty-stricken areas, and cannot obtain the specific poverty level of the poverty-stricken areas. This requires that QRL and RPI be "synthesized" into a comprehensive evaluation value through a specific mathematical function to reflect the comprehensive poverty level (CPL). At present, the main methods used are analytic hierarchy process, fuzzy comprehensive evaluation, grey comprehensive evaluation, data envelopment analysis and artificial neural network. Analytical methods [45] , etc. Based on the above theoretical analysis, the interaction between QRL and RPI and its internal elements presents an uncertain and complex non-linear relationship. To solve this problem, this study constructs a comprehensive poverty assessment model [46, 47] . As shown in Figure 2b , the origin (point O), as defined above, refers to a state in which a region just gets rid of poverty. In this study, the X-axis and Y-axis represent QRL and RPI of the ith county, respectively. Point P shows the QRL and relative poverty of a county. Point P′ is the projection of point P on the diagonal of the first quadrant. 
Rural poverty is affected by both QRL and RPI. IPA analysis method is mainly used to identify the poverty-stricken areas, and cannot obtain the specific poverty level of the poverty-stricken areas. This requires that QRL and RPI be "synthesized" into a comprehensive evaluation value through a specific mathematical function to reflect the comprehensive poverty level (CPL). At present, the main methods used are analytic hierarchy process, fuzzy comprehensive evaluation, grey comprehensive evaluation, data envelopment analysis and artificial neural network. Analytical methods [45] , etc. Based on the above theoretical analysis, the interaction between QRL and RPI and its internal elements presents an uncertain and complex non-linear relationship. To solve this problem, this study constructs a comprehensive poverty assessment model [46, 47] . As shown in Figure 2b , the origin (point O), as defined above, refers to a state in which a region just gets rid of poverty. In this study, the X-axis and Y-axis represent QRL and RPI of the ith county, respectively. Point P shows the QRL and relative poverty of a county. Point P is the projection of point P on the diagonal of the first quadrant. The length of line segment OP is defined as the comprehensive poverty level (CPL) of the county. The greater the value of OP , the higher the comprehensive poverty level (CPL). The calculation procedures are as follows:
The length of OP and ON can be calculated according to the Pythagorean theorem:
According to the calculation method of the triangle area, we can obtain the following equation:
The length of PP can be calcultaed by the Equati
The length of OP can be calculated according to the Pythagorean theorem:
The length of OM represents the value of QRL, the length of MP represents the value of RPI, and the length of OP represents the value of comprehensive poverty level. The final equation for CPL is as follows:
Results
Spatial Variation of QRL and Relative Poverty
SPATIAL Variation of QRL
The QRL showed significant spatial variation in Gansu Province and the QRL value decreased from west to east (Figure 3a) . Hexi Corridor was characterized by the highest QRL, Longzhong region with Lanzhou city as its center was characterized by relatively lower QRL, and Longdongnan, Longnan and Gannan regions were characterized by the lowest QRL. The average value of QRL was 0.2787. There were 35 counties with QRL greater than the average value, accounting for 40.23% of all counties. The counties presented great difference in QRL. Jinchuan district in Hexi Corridor showed the highest QRL of 0.7473. Jiayuguan city in Hexi Corridor showed the second highest QRL, which was about 0.2792 less than QRL value of Jinchuan district. Maqu county in Gannan region showed the lowest QRLof only 0.1322. In Hexi Corridor, 90% counties showed high or relatively high QRL. In both Longzhong and Longdong regions, many counties (50%) showed relatively low QRL. In Longdong and Gannan regions, the majority counties showed relatively high and low QRLe, respectively.
The QRL showed significant spatial variation in Gansu Province and the QRL value decreased from west to east (Figure 3a) . Hexi Corridor was characterized by the highest QRL, Longzhong region with Lanzhou city as its center was characterized by relatively lower QRL, and Longdongnan, Longnan and Gannan regions were characterized by the lowest QRL. The average value of QRL was 0.2787. There were 35 counties with QRL greater than the average value, accounting for 40.23% of all counties. The counties presented great difference in QRL. Jinchuan district in Hexi Corridor showed the highest QRL of 0.7473. Jiayuguan city in Hexi Corridor showed the second highest QRL, which was about 0.2792 less than QRL value of Jinchuan district. Maqu county in Gannan region showed the lowest QRLof only 0.1322. In Hexi Corridor, 90% counties showed high or relatively high QRL.
In both Longzhong and Longdong regions, many counties (50%) showed relatively low QRL. In Longdong and Gannan regions, the majority counties showed relatively high and low QRLe, respectively. In 2016, the global Moran′s I of QRL was 0.4031 and Z-score was 1.19 (P <0.01). Therefore, QRL presented positive spatial autocorrelation, spatial agglomeration and spatial heterogeneity. Counties with high QRL tended to be spatially close to counties with high QRL, and counties with low QRL tended to be spatially close to counties with low QRL. The hot spots and cold spots of QRL presented difference between west and east regions (Figure 4a ). Specifically, the middle of Hexi Corridor was a primary hot spot of QRL (99% confidence level), and its west and east parts were secondary hot spots In 2016, the global Moran s I of QRL was 0.4031 and Z-score was 1.19 (P < 0.01). Therefore, QRL presented positive spatial autocorrelation, spatial agglomeration and spatial heterogeneity. Counties with high QRL tended to be spatially close to counties with high QRL, and counties with low QRL tended to be spatially close to counties with low QRL. The hot spots and cold spots of QRL presented difference between west and east regions (Figure 4a ). Specifically, the middle of Hexi Corridor was a primary hot spot of QRL (99% confidence level), and its west and east parts were secondary hot spots of QRL (95% confidence level). The primary cold spot region, including most of Longzhong, Longdongnan and Gannan regions, occupied a larger area than the secondary cold spot.
Spatial Variation of Relative Poverty
The spatial pattern of RPI was opposite to that of QRL (Figure 3b ). The RPI values of regions with high QRL values were low. The average value of RPI was 0.2761. The number of counties with RPI less than the average value was 40, accounting for 45.98% of all counties. In 2016, Dongxiang county showed the highest RPI, reaching 0.73. The lowest RPI was found to be 0 and there were 17 counties with RPI of 0. RPI presented significant spatial variation in Gansu Province. In regions to the west of Lanzhou city, 95% of counties showed a RPI less than the average value, which indicates relatively good economic development. In Longzhong and Longdongnan regions to the east of Lanzhou City, counties showed relatively high RPI, and 48.84% of counties showed a RPI higher than the average value. Notably, all counties with high RPI were distributed in these regions. These results indicate poor economic development in these regions.
The global Moran s I of RPI was 0.3461, and Z-score was 9.09 (P < 0.01). Therefore, RPI presented positive spatial autocorrelation, spatial agglomeration and spatial heterogeneity. The counties with the same level of RPI tended to be spatially close to each other. The spatial pattern of hot spots and cold spots of relative poverty was opposite to that of QRL (Figure 4b) . Specifically, the middle of Hexi Corridor was a primary cold spot of the relative poverty (99% confidence level), and its west and east parts were the secondary cold spots of relative poverty (95% confidence level). Longzhong and Longdongnan were majorly hot spots of relative poverty and primary hot spots (99% confidence level) occupied a larger area than the secondary hot spots.
Corridor was a primary cold spot of the relative poverty (99% confidence level), and its west and east parts were the secondary cold spots of relative poverty (95% confidence level). Longzhong and Longdongnan were majorly hot spots of relative poverty and primary hot spots (99% confidence level) occupied a larger area than the secondary hot spots. 
Identification of Poverty Objects
IPA was performed and the results are shown in Figure 5 . The majority (81.61%) of counties were in the second and fourth quadrants. The first and third quadrants represent regions with low QRL and low relative poverty and regions with high quality-of-life and high relative poverty, respectively. There were eight counties in each of the two quadrants. Although the QRL and relative poverty in these counties presented certain inconsistency, their number was small and the accuracy of overall analysis results would not be affected. The second quadrant represents regions with low QRL and high relative poverty. There were 50 counties in this quadrant, accounting for 57.47% of all counties. Among the 50 counties, the majority were located in regions except Hexi Corridor, and especially 87.5% were located in Longdongnan region. The second largest proportion of these counties were located in Gannan region. The fourth quadrant represents regions with high QRL and low relative poverty. There were 21 counties in this quadrant, accounting for 24.14% of all counties. Among these 21 counties, 76.19% were located in Hexi Corridor (Table 3 ). In sum, the regions with high QRL 
IPA was performed and the results are shown in Figure 5 . The majority (81.61%) of counties were in the second and fourth quadrants. The first and third quadrants represent regions with low QRL and low relative poverty and regions with high quality-of-life and high relative poverty, respectively. There were eight counties in each of the two quadrants. Although the QRL and relative poverty in these counties presented certain inconsistency, their number was small and the accuracy of overall analysis results would not be affected. The second quadrant represents regions with low QRL and high relative poverty. There were 50 counties in this quadrant, accounting for 57.47% of all counties. Among the 50 counties, the majority were located in regions except Hexi Corridor, and especially 87.5% were located in Longdongnan region. The second largest proportion of these counties were located in Gannan region. The fourth quadrant represents regions with high QRL and low relative poverty. There were 21 counties in this quadrant, accounting for 24.14% of all counties. Among these 21 counties, 76.19% were located in Hexi Corridor (Table 3 ). In sum, the regions with high QRL presented low relative poverty, and regions with low QRL presented high relative poverty, indicating good consistency. The 50 counties in the second quadrant satisfied the criteria outlined for poverty counties. Thus, we identified them as poverty counties in this paper. presented low relative poverty, and regions with low QRL presented high relative poverty, indicating good consistency. The 50 counties in the second quadrant satisfied the criteria outlined for poverty counties. Thus, we identified them as poverty counties in this paper. According to the Development-oriented Poverty Reduction Program for Rural China (2011-2020), a total of 58 counties in Gansu Province were regarded as national poverty counties presenting spatial agglomeration. The spatial overlay analysis of these 58 counties and the 50 poverty counties identified here was shown in Figure 6b . All the identified poverty counties, except Pingchuan district, were national poverty counties identified in the Development-oriented Poverty Reduction Program for Rural China (2011-2020). Therefore, the accuracy of our identification reached 84.48%. The long-term poverty alleviation efforts have gradually achieved results. According to the Development-oriented Poverty Reduction Program for Rural China (2011-2020), a total of 58 counties in Gansu Province were regarded as national poverty counties presenting spatial agglomeration. The spatial overlay analysis of these 58 counties and the 50 poverty counties identified here was shown in Figure 6b . All the identified poverty counties, except Pingchuan district, were national poverty counties identified in the Development-oriented Poverty Reduction Program for Rural China (2011-2020). Therefore, the accuracy of our identification reached 84.48%. The longterm poverty alleviation efforts have gradually achieved results. 
Comprehensive Poverty Level
Comprehensive poverty level model developed above was used to quantitatively determine the comprehensive poverty level of the 50 poverty counties. According to the spatial distribution characteristics of poverty in Gansu Province, the province was divided into three types of poverty regions and a non-poverty region by using the grouping analysis tool in the ArcGIS 10.2 Mapping Clusters toolset under the condition of ensuring spatial connectione. The three types of poverty regions were low poverty region, moderate poverty region and high poverty region. The number of poverty counties located in the high poverty region was the greatest and reached 30, accounting for 60% of all 50 poverty counties. The numbers of poverty counties located in the low poverty region and moderate poverty region were 11 and 9, respectively, accounting for 22% and 18% of all 50 poverty counties, respectively.
From a spatial perspective (Figure 7) , poverty counties were mainly concentrated in the east region of Gansu Province. CPL presented a center-periphery pattern. CPL can also reflect the difficulty of poverty alleviation in poverty counties. It is difficult for counties with high CPL to get rid of poverty. We performed spatial overlay analysis of the classification results based on CPL and 23 deep poverty counties in Gansu Province identified by the government. 17 (73.91%) out of the 23 deep poverty counties were located in the high poverty region of the province. Among the remaining 6 deep poverty counties, 3 were in low poverty region and 3 in moderate poverty region. Therefore, the classification results based on CPL are relatively consistent with the actual situation of Gansu Province. In counties with higher CPL, the poverty level is deeper. It is more difficult to get rid of poverty.
Clusters toolset under the condition of ensuring spatial connectione. The three types of pover regions were low poverty region, moderate poverty region and high poverty region. The number poverty counties located in the high poverty region was the greatest and reached 30, accounting fo 60% of all 50 poverty counties. The numbers of poverty counties located in the low poverty regio and moderate poverty region were 11 and 9, respectively, accounting for 22% and 18% of all 5 poverty counties, respectively. From a spatial perspective (Figure 7) , poverty counties were mainly concentrated in the ea region of Gansu Province. CPL presented a center-periphery pattern. CPL can also reflect th difficulty of poverty alleviation in poverty counties. It is difficult for counties with high CPL to g rid of poverty. We performed spatial overlay analysis of the classification results based on CPL an 23 deep poverty counties in Gansu Province identified by the government. 17 (73.91%) out of the 2 deep poverty counties were located in the high poverty region of the province. Among the remainin 6 deep poverty counties, 3 were in low poverty region and 3 in moderate poverty region. Therefor the classification results based on CPL are relatively consistent with the actual situation of Gans Province. In counties with higher CPL, the poverty level is deeper. It is more difficult to get rid poverty.
Discussion
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Poverty identification is the basis for poverty research and poverty reduction decision-making [12, 48, 49] . Due to its diverse causes, poverty can present different forms in different regions. Social development levels, natural conditions and regional conditions may affect the degree, manifestation and type of poverty [50, 51] . These factors may change with time and space. From a perspective of QRL and relative poverty, this paper proposed to use IPA analysis to identify poverty objects. Compared with the case of previous research, our approach based on IPA chart to determine the comprehensive poverty level of a region presents certain innovations, and the results obtained are relatively reliable. Although the method of determining poverty-stricken counties using per capita net income is simple, it is effective in assessing poverty. Because the data used in this paper are more complex and difficult to obtain, considering the dynamic change of poverty, this paper proposes to combine the two methods to identify poverty. The QRL is determined by an individual s subjective feelings, such as satisfaction with life, inner sense of contentment and self-realization in society [52] [53] [54] . In addition, it is determined by objective conditions, such as income and expenditure, living conditions and cultural life, rural infrastructure, public services and social security, as well as ecological environment [55, 56] . Therefore, QRL is a comprehensive evaluation of one s living standards. The subjective evaluation is also based on objective conditions. For example, people s satisfaction with life depends on whether the external objective conditions can make people feel content. Therefore, this study majorly evaluated the QRL according to the objective conditions in rural regions, and paid attention to the relative poverty of regions. The results provide reference for reducing rural poverty.
However, there are still some problems that need further investigation [55] . First, we evaluated the QRL based on the availability of data, including the income, housing, facilities, security and so on in index selection, and excluding natural geographical elements. This should be addressed in future study. Second, due to the limited availability of some data, this paper studied the spatial variation of rural poverty in Gansu Province only in 2016. However, with the implementation of poverty alleviation and development polices, the spatial pattern of poverty and its influencing factors will undergo rapid changes. Future work should focus on the spatiotemporal variation of poverty, identify new factors and problems in the process of poverty reduction, and explore new mechanisms for poverty reduction. Thirdly, the selection of these indicators is based on the research of quality-of-life at home and abroad. According to the index system established by the indicators available in various yearbooks of Gansu Province, it is still difficult to fully extend them to other provinces. In the follow-up study, we will adjust the index system, and extend the study to the West and even the whole country.
Fourth, although the comprehensive poverty level model based on IPA chart has achieved good results in this study, it needs to be verified in more regions..
Poverty reduction is a complex systematic and social program [57] [58] [59] [60] . Gansu Province is a major agricultural production area and an important commodity grain base of China, and the poverty problem in Gansu Province cannot be ignored. This region is characterized by spatial agglomeration of poverty, high poverty level and difficult poverty reduction. In most cases, poverty is caused by diseases and the lack of lands. Considering these facts and the natural environment in Gansu Province, future efforts should aim to propose new poverty reduction strategies on the basis of traditional strategies such as development-oriented poverty reduction, specific poverty reduction, industrial poverty reduction and social poverty reduction. For example, a "will enhancement + technology support + personnel training" strategy can be adopted. Specifically, media can be used as a powerful tool to enhance the willingness of people to get rid of poverty [57] . Through such measures as public opinion guidance, skill training and financial support, the development-oriented poverty alleviation and the guarantee-oriented poverty alleviation can be carried out simultaneously. Not only can we guarantee their lives by funding, but also we should promote the development of their industries and create more jobs so as to enhance the poverty-stricken people s independent poverty alleviation, as in the case of "blood transfusion" poverty alleviation. This can enhance the endogenous motivation of poverty-stricken people to get rid of poverty on their own, and realize the transition from "blood transfusion" of poverty alleviation to "hematopoietic" poverty alleviation. In addition, region-specific poverty reduction strategy should be developed according to the spatial pattern of poverty. Related resources should be carefully allocated to different regions to improve the quality of poverty reduction. We should encourage the innovation of different types of geographic unit production, living and ecological space reconstruction models, approaches and poverty reduction policies to overcome the different spatial poverty disadvantages, and fundamentally solve the problem of regional overall poverty.
Conclusions
This paper evaluated the QRL and relative poverty in Gansu Province, and used IPA to identify poverty objects. On this basis, a CPL model was proposed and used to quantitatively determine the CPL of each county. Further, the province was classified into several poverty regions according to the CPL calculation results. In sum, the following conclusions were drawn.
(1) QRL presented significant spatial variation in Gansu Province and decreased from west to east. It showed positive spatial autocorrelation, i.e., spatial agglomeration. Counties with high QRL tended to be spatially close to counties with high QRL, and counties with low QRL tended to be spatially close to counties with low QRL. The spatial pattern of RPI was opposite to that of QRL. Counties with high QRL showed low RPI.
(2) The hot spots and cold spots of QRL presented difference between west and east. The middle of Hexi Corridor was a primary hot spot of QRL, and its western and eastern parts were the secondary hot spots of QRL. The region to the east of Lanzhou city is a cold spot of QRL, and presented a circle layer structure, with center being primary cold spot and periphery being the secondary cold spot. The spatial pattern of hot spots and cold spots of RPI was opposite to that of QRL. Hexi Corridor was majorly a cold spot of PRI. Longzhong and Longdongnan regions were hot spots of RPI, and their peripheral regions were the secondary hot spots of RPI.
(3) Among the 87 counties, 71 (81.61%) were in the second and fourth quadrants of the IPA chart (with QRL as the horizontal axis and RPI the as vertical axis). There were 50 counties in the second quadrant of IPA chart. This represents that these counties showed low QRL and high RPI. Therefore, these counties were identified as poverty counties in this paper. Spatial overlay analysis revealed that 84.48% of these poverty counties were indeed national poverty counties identified by the country. Clearly, our poverty identification method has good accuracy.
(4) Gansu Province can be classified into a low poverty region, moderate poverty region, high poverty region and non-poverty region. Poverty counties in the high poverty region accounted for 60% of all poverty counties, and poverty counties in moderate and low poverty regions accounted for 22% and 18% of all poverty counties, respectively. CPL presented a center-periphery pattern. The central region presented high poverty level, the peripheral northwestern region presented moderate poverty level, and the peripheral southeastern region presented low poverty level. The classification results based on CPL were consistent with the actual situation of the province. In counties with higher CPL, the poverty level is deeper. It is more difficult to get rid of poverty.
